SUMMARY Factors determining the symptoms of breathlessness and fatigue in patients with congestive heart failure were investigated by comparing the response to slow and fast exercise. Symptom limited oxygen consumption (maximal); minute ventilation, mean pulmonary capillary wedge pressure; and arterial blood gases, pH, and lactate concentrations were measured during treadmill exercise using a slow protocol in 25 men (age 34-67 years) with congestive heart failure (New York Heart Association class II-III). Ten of these patients were also exercised according to a rapid protocol. Exercise was terminated by fatigue in 23/25 patients after the slow test and by breathlessness in all patients after the rapid test. Exercise capacity (maximal oxygen consumption and exercise duration) was not related to resting or exercise pulmonary capillary wedge pressure or the change in pulmonary capillary wedge pressure during exercise, nor was there any difference in pulmonary capillary wedge pressure at the end of exercise within individuals between the fast and slow tests. Minute ventilation was greater (51 vs 43 1/min), peak exercise lactate concentration higher (3-7 vs 2-2 mmol/1), and the change in pH from the resting state was greater (0-06 vs 0 02) during the rapid test than during the slow test. The sensation of breathlessness in congestive heart failure is not simply related to raised pulmonary capillary wedge pressure, but may in part be due to stimulation of peripheral chemoreceptors in response to metabolic acidosis.
SUMMARY Factors determining the symptoms of breathlessness and fatigue in patients with congestive heart failure were investigated by comparing the response to slow and fast exercise. Symptom limited oxygen consumption (maximal); minute ventilation, mean pulmonary capillary wedge pressure; and arterial blood gases, pH, and lactate concentrations were measured during treadmill exercise using a slow protocol in 25 men (age 34-67 years) with congestive heart failure (New York Heart Association class II-III). Ten of these patients were also exercised according to a rapid protocol. Exercise was terminated by fatigue in 23/25 patients after the slow test and by breathlessness in all patients after the rapid test. Exercise capacity (maximal oxygen consumption and exercise duration) was not related to resting or exercise pulmonary capillary wedge pressure or the change in pulmonary capillary wedge pressure during exercise, nor was there any difference in pulmonary capillary wedge pressure at the end of exercise within individuals between the fast and slow tests. Minute ventilation was greater (51 vs 43 1/min), peak exercise lactate concentration higher (3-7 vs 2-2 mmol/1), and the change in pH from the resting state was greater (0-06 vs 0 02) during the rapid test than during the slow test. The sensation of breathlessness in congestive heart failure is not simply related to raised pulmonary capillary wedge pressure, but may in part be due to stimulation of peripheral chemoreceptors in response to metabolic acidosis.
The cause of exercise intolerance in congestive heart failure is poorly understood. Patients treated with diuretics are limited more by fatigue than by breathlessness. Several studies have suggested that fatigue is related to an inadequate oxygen supply to skeletal muscle,'-3 because during exercise patients with heart failure have a reduced cardiac output, an early increase in lactate concentration, and augmented limb oxygen extraction.3 Common experience suggests that untrained normal subjects performing rapid exercise (for example running) often stop because of breathlessness, whereas when they exercise slowly (for example walking) they stop because of fatigue. In this study we have investigated whether the response to exercise in patients with congestive heart failure is similar, and if so whether differences in the metabolic, haemodynamic, and ventilatory re-sponses to two forms of exercise can explain the variable sensations of breathlessness and fatigue. Patients and methods
STUDY GROUP
Patients were eligible for the study if they had stable symptomatic heart failure for more than three months with exercise intolerance due to fatigue or dyspnoea. In addition the patients we studied had radiological evidence of cardiomegaly and left ventricular ejection fraction <45% on radionuclide or echocardiographic investigation. Twenty five men (mean age 50 years (range 34-67)) entered the study. The cause of heart failure was coronary artery disease in 15, dilated cardiomyopathy in eight, and hypertensive heart disease in two. Six patients were in class II and 19 in class III of the New York Heart Association classification. Patients were excluded if they had myocardial ischaemia or ventricular arrhythmias on exercise testing, obstructive valvar heart disease, pulmonary disease (documented by pulmonary fimction tests), or Factors determining symptoms in heart failure: comparison offast and slow exercise tests 25] c'20- of the fast protocol than at the end of the slow protocol (16-8 vs 14-9 ml/kg/min, p<0 01), as was anaerobic threshold (12 vs 11 ml/kg/min, p < 0 01). Mean blood pressure at peak exercise was the same during the slow and fast protocols. Though the reasons for stopping exercise were different in the two tests the mean pulmonary capillary wedge pressure in the patients at peak exercise was the same in the two tests (p<0-3).
Arterial blood lactate concentration at peak exercise was higher and the change in arterial blood pH from the resting stage was greater during the fast test than during the slow test (3-7 vs 2-2 mmol/l, p<001; 0-06 vs 0 02, p<0 01) ( Table 2) .
Patients with congestive heart failure frequently have limited exercise capacity because of fatigue and breathlessness. The present study has demonstrated that the symptom that ultimately terminates exercise depends on the type of exercise performed. Patients exercising on the fast protocol were stopped by breathlessness, yet when they exercised on the slow protocol fatigue was the limiting factor. We have obtained a similar result in a small pilot study of a different group of patients. 8 The sensation of breathlessness was accompanied by objective changes in ventilatory gas exchange. Minute ventilation and mixed expired oxygen concentration were greater during the rapid test than during the slow exercise test, suggesting that the symptom of breathlessness was associated with a greater hyperventilatory response.
Many mechanisms have been put forward to account for breathlessness in patients with heart failure. Patients with congestive heart failure have an increased physiological and anatomical dead space. 9 10 It has been suggested that the hyperventilatory response seen in these patients occurs because more respiratory effort is required to ventilate the dead space and maintain eucapnia.10 Comparisons made within patients indicate that this effect is unlikely to account for the different symptoms during slow and fast exercise tests.
Juxtapulmonary capillary receptors (J receptors) may be activated by lung stiffening, such as that which occurs with the accumulation of interstitial fluid, and this can result in tachypnoea and the sensation of breathlessness." Decreased lung compliance, however, does not correlate with the degree of 17 Furthermore, there was no difference in maximal pulmonary capillary wedge pressure at the end of the slow and fast exercise tests. These findings suggest that a high pulmonary capillary wedge pressure does not limit exercise tolerance and is not the major factor responsible for the sensation of breathlessness in patients with congestive heart failure. The interpretation based on this data should not be applied to patients with acute onset of left ventricular failure where a high left atrial pressure results in pulmonary oedema and breathlessness.
If a respiratory cause was primarily responsible for the exercise limitation in congestive heart failure, a fall in arterial oxygen saturation would be expected. We and others have shown normal arterial oxygen saturation during exercise in these 6 18 patients.
An alternative mechanism may be operating during the metabolic changes that occur during exercise. Plasma lactate concentration is increased primarily as a consequence of an inadequate supply of oxygen to metabolising tissue,'9 with resultant anaerobic metabolism. Skeletal muscle blood flow is reduced in patients with congestive heart failure and this accounts for the early appearance of lactate in the femoral vein on exercise.3 Fast twitch muscle fibres produce lactate despite an adequate supply of oxygen20 and they are recruited for short bursts of strenuous muscle activity. A reduction of blood flow to the liver and diminished hepatic metabolism may contribute to the rise of blood lactate concentration. Rapid exercise will thus result in a greater rate of production of lactate which exceeds its rate of metabolism by the liver; hence the higher blood lactate concentration that was seen at the end of the fast protocol.
Lactate 27 The present results are consistent with the idea that the sensation of breathlessness that occurs in patients with congestive heart failure during rapid exercise is in part the consequence of the rapid rise in blood lactate concentration and fall in pH that stimulate the hyperventilatory response.
Fatigue is the second major symptom of patients with heart failure. This study demonstrates that exercise tolerance in congestive heart failure is related to maximal cardiac output during exercise. Wilson et al demonstrated that patients with congestive heart disease stopped exercise because of fatigue when a critical level of muscle underperfusion occurred and they concluded that the low maximal exercise capacity of patients with congestive heart failure was the result of impaired nutritive flow to skeletal muscle. 3 Though the results of this study accord with that idea, other factors may be relevant. Most patients stopped exercise on the slow protocol because of fatigue. When 10 of these patients were exercised on the fast protocol, however, they stopped exercise at significantly higher cardiac outputs and maximal oxygen consumption, yet with the same mean arterial blood pressure, than when they were exercised on the slow protocol.
There are two explanations for this unexpected finding. The sensation of fatigue in congestive heart failure is not dependent solely on impaired nutritive flow to exercising muscle. Rise in body temperature, boredom, and lack of motivation may have ended the exercise test prematurely. Alternatively, prolonged exercise may be associated with an increase in skin blood flow to offset the rise in body temperature and maintain thermoregulatory control. This would divert blood from skeletal muscle and lead to the earlier 4L43 development of anaerobic metabolism and a fall in intracellular pH as lactic acid accumulates within the cell. Presumably the rate of lactate production is nearly matched by the rate of lactate clearance and hence there is only a small rise in blood lactate concentration. Intracellular acidosis is closely related to and may be partly responsible for muscle fatigue. 2830 We have demonstrated that the design of an exercise protocol is important when assessing the maximal exercise capacity of patients with congestive heart failure. Though a steady state may not be reached with protocols with stages of short duration, 3 if prolonged exercise testing is used to ensure a steady state at each stage of the exercise test symptom limited maximal oxygen consumption, anaerobic threshold, and maximal cardiac output may be underestimated. Similar observations were recently made by Buchfuhrer et al in normal people; as a result they suggested selecting work rate increments to bring the subjects to the limit of their exercise tolerance in about 10 minutes.32 Further studies are required to evaluate the best exercise protocol for studying exercise capacity of patients with heart failure; the present study suggests that short exercise protocols with rapid increases in workload are desirable.
This study has shown that the symptoms limiting exercise tolerance in patients with congestive heart failure depend on the type of exercise performed and that such symptoms are independent of changes in pulmonary capillary wedge pressure. Metabolic changes may contribute to the sensation of breathlessness during rapid forms of exercise. Symptom limited maximal oxygen consumption and peak cardiac output recorded during exercise are affected by the length of the exercise protocol. The design of exercise protocols for the assessment of patients with congestive heart failure must take these factors into account.
